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By Robert F., Thompson 

SUMMARY 

An invest igat ion was made i n  the  Langley  high-speed 7- by 10-foot 
tunnel of a 42.7O sweptback wing model t o  determine  the  effects of 
aileron  trail ing-edge  . thickness on .aileron  hinge moments and  one-degree- 
of-freedom a i l e ron   f l u t t e r .  The wing had an aspec t   . ra t io  of 4.0, a 
t ape r   r a t io  of 0.5, and w a s  t e s t ed  over  a Mach number range of 0.60 t o .  
1.175. The half-span, 20-percent-chord ai lerons were f l a t   s i d e d   a n d .  
located  outboard. 

Increasing  the  trail ing-edge  thickness  shifted  the hinge-moment 
parameters  ch6 and C in a  negative  direction and eliminated  the 

r eve r sa l   i n  Chg -a t   supercr i t ica1 ,speeds .  The aileron  having a t r a i l i ng -  

edge t h i c h e s s  of one half the  hinge-line  thickness  exhibited  the  least  
tendency t o  f l u t t e r ,  and f lu t te r  of the   a i le ron  with trail ing-edge 
thickness  equal t o  the  hinge-line  thichess  occurred  over  a larger 
sped_  range. 

. ha 

. 
INTiiODUC TION 

It is a f a i r l y  common experience  with  airplanes flm at high 
subsonic  speeds, o r  when  new designs  are   tes ted  in  high-speed  tunnels, 

characterist ics  appear.  These changes may appear  as  f lutter,   severe 
changes i n  hinge-moment charac te r i s t ics ,  o r  even reversal of a i le ron  

I t o  f i nd  t h a t  a Mach number is reached where severe changes in a i le ron  

effectiveness.  
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In an investigation of the  lateral-control  characterist ics a t  
transonic  and  supersonic  speeds of  a wing  having a c i r c u l a r a r c   a i r f o i l  .. 
sect ion and 42.70 of sweepback of the  leading  edge  (references 1 and 2) ,  
it was found tha t   the  o r i g i n a l  circular-arc  contour  aileron gave very low 
effectiveness in the transonic-speed  range and that   the   effect iveness  
reversed  for some conditions. While studying  various  ailerons t o  
a l leviate   this   condi t ion,  it was found tha t   a i le rons  having f l a t  s ides  
and a thickened  t ra i l ing edge improved the  effectiveness and eliminated 
the  reversal   (references 1, 3 ,  and 4). 

The purpose of the  present  investigation of the 42.7O sweptback 
semispan wing model w a s  t o  determine  the  effects of b lun t   t r a i l i ng  edges 
on ai leron hinge moments and a i l e ron   f l u t t e r .  Hinge moments w e r e  
measured for three  different  ra t ios  of trailing-edge  to  hinge-line 
thickness   for  a range of deflections and angles of attack  through a 
Mach number range from 0.60 t o  1.10. The f lu t te r   inves t iga ted  is the 
tendency of the  a i leron  to   maintain  s teady o r  divergent  oscil lation 
about i t s  hinge axis with only one degree of mechanical  freedom and i s  
referred t o  herein  as  "aileron buzzell To investigate this a i le ron  buzz, 
the  free-floating  characterist ics o f  the  three  ailerons were recorded 
through a Mach number range from 0.60 t o  1.175. The ef fec ts  of  increasing 
moment of i ne r t i a  w e r e  investigated on the  aileron  having a trailing-edge 
t o  hinge-line  thickness  ratio of 1.0. A comparison is given of the 
experimental   f lutter  frequencies w i t h  the   resul ts  computed by the empir- 
i ca l  analysis o f  references 5 and 6. Aileron  effectiveness  parameter 
C and other aerodynamic characterist ics  can be found for   the  wing- 

aileron  combinations in reference 3 .  
16 

C O E F F I C I E r n  AND s m r s  

'h ai leron hinge-moment coeff ic ient  (H/q2Mt.) 

H aileron  hinge moment measured about  hinge  line, foot-pounds 

9 average dynamic pressure over span of model, pounds per 
square  foot @PV2) 

. MI area moment o f  a i le ron  a f t  o f  hinge  line  about  hinge line, 
cubic   feet  

. 

b twice  span o f  semispan model (1 f t )  

c. l oca l  wing chord, feet  
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Ca a i le ron  chord a f t  of hinge l i ne ,   f ee t  

Y spanwise  distance f r o m  plane of symmetry, f e e t  

P mass density of a i r ,  slugs per  cubic foot 

Q average a i r   v e l o c i t y  over span of model, f e e t  per second 

" ef fec t ive  Mach number over  span of model 

M, average  chordwise loca l  Mach number 

M t  
S twice wing area of semispan model (0.25 sq ft) 

l o c a l  Mach number 

' Mcr  Mach number a t  which sonic   veloci ty  is f i r s t  a t ta ined  on 
sect ion of wing a t  zero lift 

a angle of a t tack of wing r e l a t i v e  t o  a i r  stream,  degrees 

6 ai leron  def lect ion measured perpendicular t o  hinge line, 
degrees 

t r a t i o  of aileron  thickness a t  t r a i l i n g  edge t o  thickfless a t  

R Reynolds number based on mean aerodynamic  chord (0.259 ft) 

e included  angle of a i l e r o n   t r a i l i n g  edge,  measured p a r a l l e l  t o  

h b g e   l i n e  

a i r  stream, degrees 

The subscriptsc  outside  the  parentheses  indicate  the  factors  held 
constant  during  the measurement of the  parameters in the   v ic in i ty  of 
6 = 00 and a = Oo, respectively. 
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MODEL AND APPARATUS 

The wing  of the semispan,  wing-fuselage model used f o r   t h i s  
investigation had a leading-edge sweepback of 42.70, a taper ra t io  
of 0.50, an  aspect   ra t io  of 4.0 and was made o f  s t e e l  with a polished 
surface. A drawing of the model is given  as  figure 1. The wing had a 
10-percent-thick  circular-arc a i r fo i l  sect ion normal t o  the SO-percent- 
chord line and was approximately 8 percent  thick parallel t o   t h e  a i r  
stream. The semispan  wing was mounted as a midwing with no dihedral 
or incidence i n  a polished-brass fuselage tha t  was semicircular i n  cross 
sect ion and curved t o  conform to   t he  bump contour (fig. 1). The  wing- 
fuselage  combination was bolted rigidly t o  the  burp  surface a t  the 
desired  angle of attack. 

The 20-percent-chord,  SO-percent-span, outboard ailerons were 
hinged t o  the wing with a hinge  pin a t  the wing t i p  and a hinge  rod 
passing  through  the  whg  along  the  80-percent-chord line t o  the chamber 
within  the bump. Hinge moments were e a s u r e d  by a cal ibrated beam-type 
s t r a i n  gage clamped to  the  hinge  rod within the bump.  The interchange- 
able  ailerons were unsealed  and  had r a t io s  of trailing-edge t o  hinge- 
l ine  thickness of t = 0, t = 0.5, and t = 1.0. 

The ailerons were constructed by gluing  spruce  to a duralumin  spar 
and were mass balanced  about  the  hinge  line by a lead overhang  nose 
balance. The e l l i p t i c a l  nose was the same f o r  a l l  ailerons,  and the 
overhang was approximately 30 percent o f  the   a i le ron  chord aft of the 
hinge l ine .  The a i l e ron   sp t em was mass balanced to prevent any coupled 
w i n g a i l e r o n   f l u t t e r .  Balance  weight w a s  spaced  along  the  span  to 
minimize any twisting moment due t o  variable mass. The  moment of 
i ne r t i a  I of each  aileron  system is given in  tab le  I. The moment of 
i ne r t i a  of the  aileron  with a thickness  ratio of 1.0 w a s  increased by 
attaching  various  brass  disks t o  the  hinge  rod  within  the bump surface. 

Free-floating  characterist ics of the  ailerons were measured by 
replacing  the  s t ra in  gage with a reluctance-type  pickup instrument 
consisting of a smal l  vane attached t o  the  hinge  rod which varied  the 
air gap between two coils.   Readhgs of t h i s  pickup were recorded  against 
time by an  oscillograph. The reading  element of the  oscillograph would 
measure frequencies t o  about 500 cycles  per second.  Amplitude of a i le ron  
motion  was.determined  from a s t a t i c   c a l i b r a t i o n  and no attempt was made 
t o  determine dynamic effects on this calibration. The ai leron motion 
was unrestrained. No f r i c t i o n  measurements w e r e  made since  they were 
believed t o  be small and approximately  the same f o r  each  aileron. 

The ailerons had a small amount  of freedom i n  t ranslat ion due t o  
the  plain type of bearings used. This movement was kept t o  a minimum 
and  checked a f t e r  each  run.  After one s e t  of runs, it was found tha t  
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the  hinge play had increased due t o  wear. The bearings were reworked 
to  decrease  the freedom,  and  check runs showed no appreciable change i n  
the  frequency  or  amplitude of a i l e ron  motion. 

The t e s t s  were made in the  Langley  high-speed 7- by 10-foot  tunnel 
and u t i l i zed   an   adapta t ion  of the NACA wing-flow technique  for  obtaining 
transonic  speeds. The technique  used  involves  the  mounting of a model 
in the  high-velocity flow field  generated  over  the  curved  surface of a 
bump lo..-ated on the tunnel  f loor  (see  reference 7). 

m i c a 1  contours of l o c a l  Mach number i n   t h e  vicinity of the model 
locat ion on the bump, obtained  from surveys with no m d e l  in  position, 
a re  shown in  figure 2. It is seen that there  is a var ia t ion  of Mach 
number of about 0.07 over the  model semispan a t  the lower Hach numbers 
and of about 0.10 a t   t h e   h i g h  Mach numbers. The chordwise var ia t ion  is 
generally less than 0.01. The ef fec t ive  Mach number over  the wing 
semispan is est imated  to  be 0.02 higher  than  the  effective Mach number 
where the SO-percent-span outboard  ailerons are located. No attempt has 
been made to   eva lua te   the   e f fec t  of t h i s  chordwise and spanwise Mach 
number variation. The long-dashed line shown near  the  root of the  wing 
i n  f igure  2 indicates  a local &ch n d r  that is 5 percent below the 
maximum value  and  represents  the  extent of the bump boundary layer. 
The ef fec t ive  test 
t o  those i n  f igure  

The var ia t ion  

Hach  number was obtained  from  contour  charts similar 
2 by use of  the relat ionship 

of Reynolds number w i t h  Mach number f o r  average test 
conditions is presented -h figure 3.  Reynolds number is based on the 
wing m a n  aerodynamic  chord (0.259 f t )  . 

Hinge moments w e r e  obtained  for  three  aileron  trail ing-edge- 
thickness   ra t ios   . ( f ig .  1) through a Mach number range of  0.60 t o  1.10, 
an angle-of-attack  range of Oo t o  So, and a t  var ious  a i leron  def lect ions.  
The ai leron  def lect ion was determhed  from  the ini t ia l  s e t t i n g  and the 
amount the hinge rod  deflected  under  load. This deflect ion was very 
large a t  the hi& a i le ron  angles and Mach numbers (about 50 percent of 
the initial ai leron  def lect ion a t  the extreme tes t  conditions). 
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Free-floating  characteristics of the  three  ailerons were recorded 
through a k c h  number range from 0.60 t o  1.175 a t  a = 0'. Preliminary 
t e s t s  were made with  the wing t i p  braced as shown i n  figure 4. The t i p  
brace  eliminated wing bending and tors ion as nearly as possible and 
allowed  the  aileron  only one degree  of  mechanical freedom. Removing the 
t i p  brace  had no appreciable  effect  on ai leron motion,  and a l l  t e s t s  
reported  herein are with  the t ip   unrestrained,  as shown i n  f igure 5. 

RESULTS AND D I S C U S S I O N  

Hinge-Moment Characteris  t ics 

The rate of change  of  hinge-momnt coeff ic ient  with ai leron 
deflection  increases  negatively w I t h  increasing 6 for   the   a i le ron   wi th  
t = 0 except   for  a range  of 6 of ?bo a t  M = 0.95 and M = 1.00 
( f ig .  6) and  decreases  negatively  with  increasing 6 f o r  the  ailerons 
with t = 0.5 and t = 1.0 ( f igs .  7 and 8). Additional tes t  data were 
obtained f o r  the aileron  with t = 1.0, as shown  on f igure 8, t o  
determine  whether  or  not  the  hinge moment reversed  over a small range 
of  6 in the  vicini ty  of 6 = Oo a f t e r   f l u t t e r  was found a t  subcr i t ica l  
speeds f o r  this aileron. The ai lerons do not trim a t  6 = 0' due t o  
asymmetry o f  aileron  construction. 

The r a t e  of  change of  hinge-moant  coefficient  with  angle  of  attack 
decreases  positively  with  increasing a throughout  the  speed  range f o r  
the  aileron  with t = 0 ( f ig .  9 )  and decreases  negatively w i t h  
increasing a up t o  M = 0.85 for  the  ailerons  with t = 0.5 and 
t = 1.0 ( f igs .  10 and 11). Above M = 0.85, the  variation  with a f o r  
the  ailerons  with t = 0.5 and t = 1.0 is linear except for the 
ai leron  with t = 0.5 from M = 0.90 t o  M = 1.0 where Ch decreases 
posit ively  with  increasing a. No test-data p o i n t s  were plot ted on 
f igures  9, 10, and 11 since, owing t o  the  load  deflection  correction, 
it was necessary to   c ros s   p lo t   t he  test  data  to  obtain  values of Ch 
a t  6 = 00. 

The variat ion of the hinge-moment parameter Ch6 (measured 
a t  6 = 00) with Mach number is given i n  f igure 12 .  The values of ch 

6 
for the  conventional,  straight-sided  aileron ( t  = 0) do not  vary  with 
Mach number up t o  M = 0.87 and, f o r  the  configuration  tested,  Ch6 is 
underbalanced. Above M = 0.87, which 'is t h e   c r i t i c a l  Mach number of 
the wing, abrupt and large  variations i n  C occur  with  increasing 

Mach number and the  a i leron becomes overbalanced i n  the  speed  range 
from M = 0.92 t o  M = 1.02. The large  positive  (overbalanced)  values 

h6 
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of chg in the  reversal  range  did  not  extend over the   ent i re   a i leron-  
deflection  range  but did cover a la rge .por t ion  of the  useful  operating 
range, as  shown a t  M = 0.95 and M = 1.00 in  figure 6. The rapid 
changes, reversal ,  and  heaviness of hinge moments f o r  the   a i le ron  
w i t h  t = 0 result in unsatisfactory hinge-moment charac te r i s t ics  a t  
supe rc r i t i ca l  Mach numbers f o r   t h e  speed  range  tested. This is  the 
same Mach number range where reversa l  and l o s s  of a i leron  effect iveness  
occurred f o r  the aileron  with t = 0 (references l and 2)  . 

Increasing  the  trailing-edge  thickness t o  one half  the  hinge-line 
thickness  (aileron  with t = 0.5) r e su l t s  in a large shift in chs in 
a negative  direction and elimates any reversal  tendency a t  supe rc r i t i ca l  
speeds. The values of Che have a relatively small negative  increase 
with Mach numbers from M = 0.6 t o  M = 0.95. Above M = 0.95, there 
is an abrupt  increase in control  heaviness  unti l   supersonic Mach numbers 
are  reached. ‘This m r i a t i o n  would r e s u l t  in a general  increase in 
underbalanced  control  forces  with  aileron  deflection  throughout  the 
speed  range,  especially above M = 0.95, but  the  undesirable  effects of 
hinge-moment reversal  would not  be encountered. - 

Increasing  the  trail ing-edge  thiclmess  unti l  it was equal   to   the 
thiclmess a t   t h e  hinge line (aileron  with t = 1.0) resul ted in a 
fur ther   nega t ive   sh i f t  fn chg,  with  the same general   variation of 
with Mach number as the  aileron  with t = 0.5. The rapid  negative 
increase in chg for   the   a i le ron   wi th  t = 1.0 occurred a t  a lower 

speed  and was not  as abrupt  as  with  the  aileron  with t = 0.5. 

% 

The e f fec t s  of Mach number  on the hinge-moment parameter C b  are 
given in f igure 13. The values o f  Ch, for   the   a i le ron   wi th  t = 0 
were positive  throughput  the  speed  range  tested and did  not  vary up t o  
the   c r i t i ca l   speed  of the wing. Above this  speed  rapid changes  occurred. 
Increasing  the  trail ing-edge  thickness  shifted Ch, in a negative 

direct ion.  The magnitude  of t h e   s h i f t  w a s  generally larger f o r  the 
increase of t from 0 t o  0.5 than  for  the  increase o f  t from 0.5 
t o  1.0. The values of Ch, had the same general   variation  with Mach 
nrmber fo r   t he   t h ree   t r a i l i nedge - th i chess   r a t io s   t e s t ed ,   a l t hough  
the changes i n  Ch, with Mach number occur a t  s l i g h t l y  lower  speeds 
f o r  the  ailerons  with t = 0.5 and t = 1.0. 

This negat ive   sh i f t  in Ch6 and ch  with  increasing t agrees 
Q - with  resul ts   obtained  a t  M = 0.055 (reference 8) and a t  M = 1.9 

(reference 9 ) .  Increasing  the  trailing-edge  thickness produced 
effect ively  the s a m  r e su l t s  on hinge moments as decreasing  the 
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trailing-edge  angle  (reference 10) . The incl-uded  angle of t he   t r a i l i ng  
edge 8 ,  indicated on figure 1, is measured i n  a plane  paral le l   to   the 
air stream. The critical  trailing-edge  angle, as recommended in 
reference 10, appears t o  be i n  the correct  order of  magnitude. 

Free-Floating  Characteristics 

Aileron  f loatinp angle.-  Typical  oscillograph  records of the free- 
f loat ing  character is t ics  o f  the  three  ailerons  through  the Mach number 
range are presented i n  figure a. These records "are t races  of a i leron 
position  against  time a t  a given Mach number and f r o m  these  traces 
floating  angle,  frequency, and amplitude of a i leron motion w e r e  deter- 
mined. Due t o  faulty  operation of the  t imer mechanism i n  the  oscil lo- 
graph, timer l ines  w e r e  not  recorded on some of the  records. These 
records were read by using timr l ines  from other  records  since all 
records w e r e  taken a t  the same film speed. The error thus  introduced 
is bel ieved  to  be small. 

* 

Figure 15 is  a p lo t  of average floating  angle  against  Mach number, - 
and these  angles +re in good agreement  with the trim angles  indicated 
by t h e   s t a t i c  hinge moments ( f igs  . 6, 7, and 8). Floating  angle does 
not  vary  with Mach number until the   c r i t i ca l   speed  of the wing is 
exceeded. The difference in f loa t ing   angle   for   the   th ree   a i le rons   a t  
a given subc r i t i ca l  Mach number has been a t t r i b u t e d   t o  model asymmetry. 
Above k r  there is  a large  variation in f loat ing  angle  f o r  the  aileron 
with t = 0. This var ia t ion i n  floating  angle is t o .  be expected in the 
speed range when the  hinge moments are  unstable. The variation  with 
time o f  the  posit ion of the  aileron  with t = 0 is very rcugh a t  sub- 
c r i t i c a l  speeds in comparison with  the  blunted  trailing-edge  ailerons 
due t o  a r e l a t i v e l y  low value of chg 

Aileron  oscillations.- A high-frequency, low-amplitude ai leron 
oscil lation  with  only one degree of freedom was encountered f o r   a l l  
three  ailerons.  These osc i l la t ions  will be re fer red   to   here in  as buzz. 
It should be noted  that   these  oscil lations  never developed into large- 
amplitude  oscillations as has sometimes been encountered, as shown in 
references ll and 12. Buzz w a s  spasmodic when first encountered  but as 
the  speed  increased it  became a sustained  oscil lation  with a range of 
a i leron movement of about 2O. The Mach number a t  which buzz first - 

occurred  varied  for  each  aileron  (fig. 16) . The aileron  with t = 1.0 
buzzed a t   s u b c r i t i c a l  speeds and the  ailerons  with t = 0 and t = 0.5 
did  not buzz until the   c r i t i ca l  speed of the wing ( Q r  = 0.87) had 
been  exceeded. The motion of the  aileron w i t h  t = 0.5 was the   l eas t  
severe. A t  the  high test  Mach numbers, above M = 1.05, a l l  three 
ailerons  experienced  irregular high-amplitude osci l la t ions - indicating 
that  severe  disturbing  forces w e r e  present. ' 
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Results from tests of  the aileron wfth t = 1.0 with  increased 
moment of i n e r t i a  show tha t   the   increase  in moment of i ne r t i a   d id   no t  
eliminate buzz, but it did  decrease  the  frequency  (fig. 16). 

Methods f o r  computing  buzz  frequency are presented i n  references 5 
and 6. These empirical   theories  predict  buzz somewhere i n  the speed 
range  from Mcr t o  M = 1.00. In order ,   to  compare data  from the  
present  investigation  with  these  empirical   theories,   a Mach number i n  
the  predictable  speed  range for b m z  w a s  chosen. A comparison of   the 
experimental and calculated  frequencies a t  M = 0.95 is given in 
tab le  11. 

In order t o  compute buzz  frequencies from references 5 and 6 it - 
w a s  necessarg t o  make certain  basic  assumptions  concerning f l o w  conditions 
around the wing, since no  shadowgraph data w e r e  available.  For refer-  
ence 5 ,  the c r i t i c a l  Mach number was taken as M = 0.87 from  the  drag 
data of ieference 3, and the minimum pressure  point was assumed t o  be 
located a t  50 percent of t he  chord. I n  computing buzz frequency by the 
method of reference 6, t he  shock wave w a s  assumed t o  be located a t  
70 percent of t he  chord a f t e r  a  study  of  the  pressure-distribution  data 
o f  reference U. .Due to  these  basic  assumptions,   only  quali tative 
results can  be  expected. 

CONCLUSIOMS 

Comparative t e s t s  of aileron  trailing-edge-thickness  modifications 
a t  subsonic and transonic  speeds on a 42.7O sweptback circular-arc pring 
indicated  the  following  conclusions: 

1. Increasing  the  a i leron  t ra i l ing-edge thickness results in a 
negative shift in the   a i le ron  hinge-moment parameters Ch6 and Ch,. 

2. The reversa l  of ch a t   supe rc r i t i ca l   speeds  was eliminated by 6 
increased  aileron  trail ing-edge  thickness.  

3. Buzz w a s  least severe  for   the  a i leron  having a trailing-edge 
thickness of  one half  the  hinge-line  thickess  and  occurred  over a 
larger  speed  range  for  the  aileron  having a trailing-edge  thickness 
e q u a l   t o   t h e   t h i c h e s s   a t   t h e   h i n g e  line. 
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4. Buzz frequency was decreased by increasing  the moment of 
i n e r t i a  o f  the  aileron. 

Langley Aeronautical  Laboratory 
National Advisory Comit tee  f o r -  Aeronautics 

Langley Air Force Base, Va. 
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TABLE I 

AILEXON MOMENT OF IPJERTIA 

I I 1 
Aileron t h i c h e s s  I 

ra t io ,  t (Ib-in. se-cm2) 

TABLE I1 

COMPARISON AT M = 0.95 OF BUZZ FREQUENCIES COMPUTED 

BY FU?,FEEEWCE ANALYSES WITH EXPERIMENTAL FREQmcm 

Aileron  thickness 
ratio, t 

0 
~~~ 

.5 
1.0, 11 
1.0, I2 
1.0, I3 

BUZZ frequency 
(CPS 1 

Brperimental Reference 5 
310 226 
300(M = 1.0) 220 
310 241 
125 192 
50 No bmz . 

Reference 6 

148 



Figure 1.- The 42.T0 meptback wing-Fuselage model. (All dimenslone 
are in Inches.) 



I 
.. . 

-" Boundary-layer thickness 

m m  1.17 

Station on bunp, in. Statim m bunp, In. 

Figure 2.- Typical Mach number contours over transonic bump in region 
of mael location. 
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12 

1.0 

.8 

.6 

.4 
.6 .7 .8 .9 1.0 I1 1.2 

Mach number, M T 

Figure 3 . -  Vaxiation of average Reynolds number with Mach number. 



Figure 4.- Photograph of the model. as mounted on the bump In the 
Langley high-speed 7- by 10-foot tunnel. Wing t i p  braced. ' 

. 7 I 





. .  . .. 

I 

Figure 5 .  - Photograph of the model with wing-tip brace removed. 
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Figure 6.- Variation of hinge-moment coeff ic ient  w i t h  ai leron 
deflection. a = oO, t = 0. 
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-4 0 4 8 I2 
Aileron deflection, 8,  deg 

Figure 7.- Variation of hinge-moment coefficient  with aileron 
deflection. a = oO, t = o .5. 
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- 

Fi&re 8.- Variation of  hinge-moment coefficient with a i le ron  
deflection. a = oO, t = 1.0. 
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Aileron deflection, 8, deg 
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Figure 9. Variation of hinge-moment coefficient with angle of attack. 
6 = 00, t = 0. 
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Figure 10." V a r i  a t i o n  of. hinge-moment coefficient with angle of 
6 = 00, t = 0.5. 

attack. 
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0 2 4 6 

Angle of attack, e # d e g  

Figure 11.- Variation of hinge-moment coefficient with angle of attack. 
6 = 00, t = 1.0. 
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f = O  

.6 .7 -8 .9 1.0 L /  

Mach number, M 
- 
Figure 12. - Effect  of  Mach number on the hinge-moment parameter chs - 
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Figure 13. - Effect  of Mach number on the  hinge-momen$ parameter 
%' 
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(a) wind off. 

Figure 14.- Records of aileron free-floating characteristics. 
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Figure 14.- Continued. 
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(c )  M = 0.70. 

Figure 14. - Continued. 
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(a)  M = 0.80. 

Figure 14. - Continued. 
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Figure 14. - Continued. 
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(h) M = 1.00. 

Figure 14.- Continued. 
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( 3 )  M = 1.10. 

Figure 14.- Continued. 

. .  . . -  .. 

% 

. .  . . . . . . . . 



1 
(k) l4 = 1.15. 

Figure 14.- Continued. 
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( 2 )  M = 1.175. 

Figure 14.- Concluded. 
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Figure 15. - Variation of average floating angle vith Mach number. 
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2 Figure 16.- Effect o f  Mach number and aileron moment-of-inertia on 3 
buzz frequency . 
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